Background: Free colon and jejunal flaps have been described as reliable and safe conduits for pharyngoesophageal reconstruction. Compared with free colon flaps, free jejunum flaps have a smaller diameter and intrinsic peristaltic movement, both of which are considered possible causes of dysphagia. In this investigation, the authors evaluated motility differences in free jejunum and colon flaps using radionuclide esophageal scintigraphy. Methods: Patients who received free jejunum flaps (n ϭ 12) or free colon (n ϭ 1) or ileocolon flaps (n ϭ 13) for reconstruction after pharyngoesophagectomy for cancer were included. Radionuclide esophageal scintigraphy was performed using technetium-99m-labeled sulfur colloid. Transit rate was evaluated at 1 second (pharyngeal or initial clearance) and 10 seconds (esophageal or clearance throughout). Clinical progression of swallowing was recorded postoperatively. Statistical analysis was performed using the t test. Results: Mean pharyngeal clearance was 61 Ϯ 20 percent for free colon and ileocolon flaps and 70 Ϯ 16 percent for free jejunum flaps. Mean esophageal clearance was 50 Ϯ 27 percent for free colon and ileocolon flaps and 69 Ϯ 17 percent for free jejunum flaps. Esophageal transit rate was significantly shorter in patients who underwent reconstruction with free jejunum flaps (p ϭ 0.04). At 1 year, 10 of 12 free jejunum patients and eight of 14 patients were tolerating solid foods. Conclusions: Although neither flap showed normal swallowing characteristics, free jejunum flaps displayed greater esophageal clearance and should represent the first choice in hypopharyngeal reconstruction. Free colon and ileocolon flaps should be reserved for very proximal oropharyngeal defects and when simultaneous voice reconstruction is desired. (Plast.
R
esection of extensive tumors of the hypopharynx and cervical esophagus represents a reconstructive challenge for the plastic surgeon. The ideal reconstructive technique should be a single-stage procedure with low morbidity and mortality, and provide rapid restoration of swallowing function. Both free colon 1 and free jejunum 2 flaps provide reliable reconstruction of the cervical esophagus following resection for benign and malignant causes. The choice of flap seems to be dependent on the surgeon's training, experience, and the assessment of the defect after extirpation. When comparing, the free jejunum flap to the free colon flap, the small diameter of the jejunum commonly requires end-to-side anastomosis or some fashioning either to the pharynx or esophagus. 3 In addition, the intrinsic cyclic mo-tility of the free jejunum flap may cause spasm on swallowing or intussuseption. 4, 5 Anastomosis of the remnant small bowel in the abdomen, however, reportedly has fewer complications because of the better vascularity of the small bowel. 6 Free colon and ileocolon flaps, in contrast, conform and shape better, enabling an end-to-end anastomosis with both the pharynx and the esophagus. Anastomotic leakage and postoperative ileus are, however, more common for large bowel surgery and may therefore increase donor-site morbidity. 5 Although manometry has been considered the standard examination for the evaluation of oesophageal dysmotility, it gives little information on morphology and has low patient acceptance. 7 Radionuclide oesophageal scintigraphy stands out as a frequently used alternative to manometry because it is a safe, noninvasive, and sensitive method that allows quantitative assessment of esophageal motility. 8 The aims of this study were to objectively assess and compare the clinical outcome and esophageal motor function of patients who underwent cervical esophageal reconstruction with free jejunum or free colon or ileocolon flaps using radionuclide oesophageal scintigraphy.
PATIENTS AND METHODS
A prospective study was carried out evaluating the hypopharyngeal conduit motility in patients undergoing reconstruction of the hypopharynx with free intestinal flaps following tumor ablation between 2001 and 2004. Patients requiring hypopharyngectomy underwent reconstruction with free jejunum flaps. Patients with proximal hypopharyngeal defects and thus requiring a better caliber match received a free colon flap. Hypopharyngolaryngectomy defects were treated with free ileocolon flaps for simultaneous voice reconstruction. All of the patients received postoperative radiotherapy. Transit scan studies were performed before postoperative radiotherapy on 26 patients who underwent a free jejunum flap (n ϭ 12) or a free colon (n ϭ 1) or ileocolon flap (n ϭ 13). There were 24 men and two women. The mean age was 55 years. Patient consent was obtained for all studies, and this study was approved by our hospital committee review board.
Operative Procedure
Free colon, ileocolon, and jejunum flaps were harvested in a standard fashion. Recipient vessels were the transverse cervical artery and external jugular vein (if available) or end-to-side to the internal jugular vein or one of its branches using an interrupted suture technique and microscope. All flaps were inset in an isoperistaltic direction and sutured end to end, in two layers, to the pharynx or distal esophagus.
Radionuclide Esophageal Scintigraphy: Transit Scan Study
The study was performed on average after 10 and 11 weeks after the cervical esophageal reconstruction with free jejunum and free colon/ileocolon flaps, respectively. All of the patients were informed to stop the medications that could have influenced esophageal motility and were asked to fast for at least 6 hours before the study.
Patients were placed in the sitting position with their chest and neck against a large-field-view gamma camera (Siemens E-CAM double-head camera; Siemens Medical Solutions, Malvern, Pa.) to visualize the mouth, hypopharynx, entire esophagus, and proximal portion of the gastric fundus in the same field. A radioactive marker was placed on the cricoid cartilage to show the junction between the pharynx and the cervical esophagus. Patients swallowed a 10-cc liquid bolus of radionuclide labeled with 0.3 to 0.6 mCi of technetium99m sulfur colloid (CIS-US, Inc., Bedford, Mass.) delivered into the mouth using a syringe with a blunt plastic tip while sitting in front of the collimator head of the gamma camera (140 KeV, collimator HiResPar, zoom 1). The transit scan evaluation was performed after swallowing the radioagent and subsequent dry swallowing every 15 seconds. The swallowing sequences were recorded by the microprocessor at 0.5-second intervals and then stored on a computer disk. Recordings were analyzed taking into consideration the cricoid region and gastroesophageal junction. Initial bolus transit rate (after 1 second) was recorded as pharyngeal clearance or pharyngeal transit rate and the global esophageal transit rate was recorded after 10 seconds to study the entire esophagus (esophageal clearance or "throughout" transit rate). Transit rate was determined based on the amount of residual activity in the segment using the following formula: C(t) ϭ E max Ϫ E(t)/E max, where C(t) represents the percentage of pharynx and esophagus emptying at 1 second and 10 seconds, respectively; E max represents the maximal count rate in the pharynx and esophagus, respectively; and E(t) represents the segment count rate at 1 second and 10 seconds, respectively. Ninety percent was considered the physiologic transit rate in both segments. Progression of deglutition training was recorded and compared, Volume 122, Number 5 • Free Colon versus Free Jejunum Flap as was the nature of food the patient could tolerate after 4 weeks and 12 months after surgery.
Statistical Analysis
Transit rate data with standard deviations were calculated. For the statistical analysis, patients receiving free colon and free ileocolon flaps were treated as one group. The t test (two-sided, 95 percent confidence interval) for samples with different variances was used to compare pharyngeal and esophageal transit rates between the two groups and the differences considered significant for values of p Յ 0.05.
RESULTS
There were no free flap losses in either group or reexplorations for thrombosis. In this series, there were no infections, fistulas, or strictures. At a mean follow-up of 18 months, one patient has died as a result of recurrent disease outside of the global period from surgery; however, his evaluation is included. Figures 1 and 2 show the results of a normal and abnormal nuclear medicine transit rate study, respectively. Pharyngeal (initial) and esophageal (throughout) transit rate results for free jejunum and free colon and ileocolon flaps are reported in Table 1 . Mean pharyngeal clearance was 61 Ϯ 20 percent for free colon and ileocolon flaps, and 69 Ϯ 16 percent for free jejunum flaps. Mean esophageal clearance was 50 Ϯ 27 percent for free colon and ileocolon flaps, and 69 Ϯ 17 percent for free jejunum flaps (Figs. 3 and 4) . Esophageal transit rate was significantly shorter in patients who underwent reconstruction with free jejunum flaps (p ϭ 0.04) compared with free colon or ileocolon flaps. The free jejunum reconstruction patients were all able to swallow liquids and eat semisolid foods after 4 weeks. The free colon and ileocolon patients were all (n ϭ 14) tolerating only liquids at 1 month. These patients experienced a very slow progression of their deglutition; however, after training by occluding the nose to push semisolid foods down their neoesophagus, they were able to tolerate this diet, and half progressed to solid foods. Patients in both groups complained of dysphagia during the initial 2 weeks following reconstruction; however, this was resolved in all patients in the jejunum group by 4 weeks. After 12 months, 10 of the patients in the jejunum group had progressed to a solid food diet, whereas two could tolerate only semisolids. Six of 14 patients in the free colon or ileocolon group continued to complain of dysphagia on their last follow-up and 
DISCUSSION
Reestablishment of the alimentary conduit, including restoration of swallowing and speech, must be achieved in the management of hypopharyngectomy and hypopharyngolaryngectomy defects. Among the several procedures that have been described, interposition of jejunal and colonic flaps represents an attractive option in esophageal reconstruction. Since its first description by Seidenberg and Hurwitt in 1958, 9 free jejunal flaps have become a standard option for circumferential reconstruction of the hypopharynx, with a reported success rate between 90 percent and 100 percent. 10, 11 Jejunal grafts are an ideal hypopharyngeal substitute because of their tubed anatomy, mucosal lining, and thin nature. Free ileocolic flap reconstruction, reported for the first time by Kawahara et al., 12 represents a valuable alternative to free jejunum for defects starting high up in the oro- When compared with adynamic cutaneous and musculocutaneous flaps, both jejunum and colon display distinct intrinsic motor activity that is preserved after microvascular transfer. Postprandial jejunal motility consists of rhythmic segmentations mixing luminal contents, which facilitates absorption. The colon does not demonstrate the same cyclic motor activity but does contract, corresponding to antegrade and retrograde mass movements. 15 Because this visceral motor activity is different from normal, physiologic pharyngoesophageal motility, the vigorous jejunal peristaltic activity or the slow, intermittent colonic contractions have both been refuted as possible causes of occasional dysphagia noted in both types of reconstruction. 16, 17 The postoperative function of free jejunal flaps for pharyngoesophageal reconstruction has been evaluated by manometrics and barium studies. In comparison with normal physiology, jejunal graft contraction is more prolonged than normal esophageal contraction using manometric evaluation. 18 Other radiologic studies have demonstrated a delay in orogastric transit in patients above the lower jejunal anastomosis although, clinically, patients did not display any difficulty in swallowing liquids or solids. 19 Spontaneous contractile activity has been noted in the free jejunal grafts, not interrupted by propagated water swallows, thus possibly contributing to postoperative dysphagia in some individuals. 20 The motility of the transverse colon used for esophageal replacement was investigated by Dantas and Mamede 16 using manometry in 10 patients. Most of the time, the colon did not show contractions however, there was distention of the interposed segment with water swallows. If the stimulus was sufficient, contractions were evident. Transit time was delayed in all patients, causing dysphagia in half, which was evidenced in our free colon and ileocolon Plastic and Reconstructive Surgery • November 2008 group as well. Other studies using videofluoroscopy have confirmed the absence of peristalsis and temporal stagnation at the anastomosis site. 21, 22 Smith et al. 23 carried out an experimental radiologic assessment of the functional differences between jejunum and colon for free esophageal reconstruction in a canine model. They highlighted that jejunal flaps strongly retained their peristaltic contractions initiated with swallowing. However, this activity was not coordinated with the remaining esophagus, leading to a "functional stenosis." The colonic flaps did not exhibit peristalsis; however, they dilated on filling with a liquid bolus and contracted as it emptied. They concluded that colon represented a more natural functional replacement of the cervical esophagus because it integrated more naturally into overall swallowing action.
In this investigation, we used radionuclide esophageal scintigraphy to evaluate our series of cervical esophageal reconstructions using free colon and free jejunal flaps. Radionuclide esophageal scintigraphy has been shown to be a safe, noninvasive, quantitative, and sensitive method of evaluating esophageal motility. 8 The radionuclide esophageal transit scan evidenced delayed initial pharyngeal clearance in both groups in comparison with the normal population, as expected. The intrinsic motility of both conduit types failed to restore the normal physiological mechanism of swallowing. Although free jejunal and colonic flaps display different motility patterns, 18 -20,22 we revealed no significant differences in the pharyngeal or initial transit rate between the jejunum and colon reconstructions. This is perhaps attributable to the base of the tongue, which was preserved in all cases, being the propulsion force and the most important factor in the first part of swallowing. 24, 25 Removal of the larynx should result in loss of laryngeal elevation and passive opening of the upper esophageal sphincter, affecting the oropharyngeal motility and pharyngoesophageal phase of swallowing. 21 Absence of functional differences in the first stage of swallowing, however, between our two groups of patients, suggests that laryngectomy does not play a major role in determining the final function of the hypopharyngeal reconstruction.
Esophageal clearance was reduced in both groups compared with normal; however, the patients who underwent reconstruction with jejunal flaps exhibited a statistically significantly better transit rate compared with colon and ileocolon flaps. Jejunum has been shown to retain its inherent contractility after transfer, 10 and this characteristic possibly contributes to the faster emptying of the reconstructed segment. There are few reports on the contractile behavior of free colon 22, 26, 27 and ileocolon transfers, 28 but all refer to the absence of peristalsis and its role as a passive conduit, accounting for our findings of a delayed emptying pattern.
The differences evidenced by our scintigraphic study paralleled the clinical outcomes assessed during rehabilitation. Clinically, the two groups of patients showed different progress through the swallowing rehabilitation process. Patients who underwent reconstruction with jejunal flaps resumed oral semisolid food intake 1 month after the operation, and all except two patients progressed to a solid diet after 12 months. On the contrary, patients who underwent reconstruction with free colon and ileocolon flaps were very slow to make progress through the rehabilitation process, and some of them needed to occlude the nose to push the food down through the neopharyngoesophagus. Their diet was thus initially limited to liquid foods, with later progress into semisolid and solid foods. These clinical results coincide with previously published clinical data but are in contrast with the conclusions drawn by Smith et al.
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CONCLUSIONS
Postoperative radiotherapy has been reported to affect the peristalsis in intestinal flaps and to positively influence the occurrence of strictures. 29 Although this study's aim was not to evaluate the effects of postoperative radiotherapy on the functional outcome of intestinal flaps, we did note that patients demonstrated continuous improvement of swallowing even following radiotherapy. Based on our clinical evidence and confirmed by the nuclear medicine transit study, we conclude that free jejunum flaps have better swallowing characteristics and motility in comparison with free colon and free ileocolon flaps. Unless simultaneous voice reconstruction is planned, we prefer to use free jejunal flaps for cervical esophageal reconstruction.
